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FOREWORD 


The  Advanced  Marine  Vehicle  (AMV)  program  is  administered  by  the  Office  of 
Research  and  Development  (G-DMT-2)  in  Coast  Guard  Headquarters.  One  of  the 
objectives  of  the  AMV  program  is  to  assess  the  operational  performance  of  various 
advanced  concepts  such  as  hydrofoils  and  surface-effect  ships.  This  report  describes  an 
analytical  approach  that  was  developed  to  compute  measures  of  effectiveness  (MOEs) 
that  can  be  used  to  evaluate  the  performance  of  an  advanced  marine  vehicle  as  well  as 
conventional  ships  in  a  search  and  rescue  role. 

The  analysis  described  in  this  report  is  the  result  of  a  joint  effort  between 
personnel  from  the  Coast  Guard  Research  and  Development  Center  in  Groton, 
Connecticut,  and  Analysis  &  Technology,  Inc.,  in  North  Stonington,  Connecticut.  Under 
this  contract  (DTCG39-82-C-80349),  preliminary  measures  of  effectiveness  were 
previously  developed. 

The  personnel  who  have  been  associated  to  various  degrees  with  this  phase  of  the 
project  are: 

Analysis  &  Technology  —  J.  Arrigan  and  H.  Sheets 
Coast  Guard  R&D  Center  —  C.  Pritchett  and  D.  Motherway 
CG  Office  of  R&D  -  LCDR  J.  Tozzi  (G-DMT-2) 

Office  of  Operations  —  CDR  W.  Jacobs  (G-OSR-3) 

LCDR  E.  Howey  (G-OSR-3) 

LT  T.  Hylton  (G-OSR-3) 

ENS  S.  Simchock  (G-OSR-3) 


SECTION  I 


INTRODUCTION 

1.1  PURPOSE 

The  purpose  of  this  report  is  to  describe  analytical  work  that  was  performed  to 
compute  measures  of  effectiveness  (MOEs)  of  advanced  marine  vehicles  (AMVs)  in 
performing  search  and  rescue  (SAR)  missions.  The  report  also  discusses  difficulties  that 
were  encountered  in  analyzing  the  SAR  data  base. 

1.2  BACKGROUND 

The  advanced  marine  vehicle  program  consists  of  technical  and  operational 
evaluations  (TECHEVAL/OPEVAL)  and  operations  research  and  operations  analysis 
(OR/OA).  The  TECHEVAL/OPEVAL  is  concerned  primarily  with  the  engineering  and 
operational  characteristics  of  AMVs.  This  information  is  obtained  through  test  and 
evaluation  of  existing  vessels,  ship  model  tests,  and  analytic  and  engineering  studies. 
Much  of  this  information  will  make  up  the  AMV  data  base  in  the  Office  of  R&D. 

The  OR/OA  portion  of  the  AMV  project  is  structured  to  answer  questions  relating 
to  operational  performance  and  ownership  of  AMVs.  Items  such  as  life-cycle  cost,  the 
required  number  of  vessels,  maintenance,  reliability,  mission  performance,  and  the 
ranking  of  overall  performance  for  different  vessels  within  the  expected  mix  of 
missions  are  included  in  the  OR/OA  portion  of  the  project.  This  report  addresses 
mission  performance  in  SAR.  The  MOE  traditionally  used  by  the  Coast  Guard  (G-OSR- 
3)  to  measure  performance  in  SAR  missions  is  the  number  of  lives  saved  following  a  call 
for  assistance.  The  probability  of  saving  lives  can  be  computed  as  a  function  of  many 
variables,  e.g.,  district,  distance  from  shore,  water  temperature,  etc.  A  large  amount 
of  data  on  SAR  missions,  including  time,  date,  location,  and  severity  of  the  incident,  is 
stored  in  the  Coast  Guard  SAR  data  base,  which  dates  back  to  1973.  The  SAR  data  base 
provided  all  the  data  used  in  this  analysis.  (Value  of  property  saved  is  also  used  as  a 
SAR  MOE,  but  it  is  not  addressed  in  the  analysis.  The  value  of  lives  saved  is  far  more 
important  than  the  value  of  property  saved.  Generally,  if  the  Coast  Guard  can  arrive  in 
adequate  time  to  save  lives,  it  can  also  save  property.) 


1 3  SEARCH  AND  RESCUE  PATROL  DESCRIPTION/OVERVIEW 


In  order  to  estimate  the  potential  contribution  of  the  AMV  in  a  SAR  mission,  it  is 
necessary  to  understand  how  SAR  operations  are  conducted.  Search  and  rescue  is 
generally  a  responsive  mission.  Once  notified,  the  Coast  Guard  dispatches  boats, 
cutters,  and/or  aircraft  to  search  for  and  rescue  people  and  property.  Craft  may  be 
dispatched  from  port  or  diverted  while  on  another  mission.  Sometimes  a  single  resource 
is  used  on  a  SAR  mission,  but  a  number  of  resources  and  a  number  of  sorties  by  an 
individual  resource  may  be  used  if  circumstances  demand.  The  type  of  resource 
dispatched  is  determined  by  distance  to  scene,  weather,  nature  of  the  problem,  and 
availability. 

Reports  of  each  SAR  case  are  collected  from  every  unit  that  participates  in  a 
particular  case,  and  an  individual  record  is  included  in  the  SAR  data  base  for  every 
sortie  by  a  unit.  The  entire  SAR  data  base  is  available  on  tape  for  statistical  analysis. 

1.4  OBJECTIVE 

The  objective  of  this  study  is  to  refine  the  SAR  MOE  by  searching  the  1981  SAR 
data  base  for  information  that  is  pertinent  to  an  analysis  of  an  AMV  in  performing  SAR 
missions.  Correlations  are  identified  between  the  probability  of  saving  lives  and  other 
factors  in  the  SAR  data  base,  especially  environmental  factors  and  time  delays.  These 
correlations  are  used  to  quantify  the  potential  contribution  of  the  AMV  to  overall  SAR 
performance  under  a  range  of  environmental  conditions. 
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SECTION  2 

TECHNICAL  APPROACH 

2.1  ANALYSIS  OVERVIEW 

The  analysis  procedure  developed  to  evaluate  the  performance  of  advanced 
marine  vehicles  (AMVs)  in  conducting  SAR  missions  is  presented  in  figure  2-1. 

Initial  analysis  of  the  SAR  data  base  indicates  that  many  cases  are  not  pertinent 
to  AMV  analysis.  Non-emergency  cases  that  occur  in  mild  weather  within  sight  of  shore 
shed  no  light  on  the  performance  of  a  high-speed  AMV.  Moreover,  including  tens  of 
thousands  of  non-emergency  cases  overwhelms  the  statistics  and  buries  the  sensitivity 
of  SAR  performance  to  almost  any  factor.  Consequently  it  is  necessary  to  reduce  the 
SAR  data  base  to  an  appropriate  subset  of  relevant  cases. 

Data  in  the  SAR  data  base  need  to  be  converted  for  statistical  analysis.  All 
times  are  converted  to  elapsed  time  from  Coast  Guard  notification.  Since  water 
temperature  is  assumed  to  be  a  factor  in  survival,  it  is  added  to  the  SAR  records.  Mean 
water  temperature  curves  from  referenced) are  used  to  determine  water  temperature 
for  each  case  as  a  function  of  month  of  the  year  and  latitude/longitude  coordinates. 

The  MINITAB  statistical  analysis  package  developed  at  Pennsylvania  State 
University  is  used  on  a  VAX  11/780  computer  to  generate  statistical  reports.  These 
reports  are  studied  for  trends  that  might  be  useful  in  evaluating  the  AMV  in  a  SAR  role. 

It  it  hypothesized  that  survival  curves  can  be  generated  for  a  range  of  environ¬ 
mental  conditions.  It  is  known  from  the  hypothermia  curves  and  other  data  that  the 
probability  of  a  person's  surviving  after  a  boating  accident  not  only  degrades  with  time, 
but  degrades  faster  in  cold  water.  It  will  be  possible  to  generate  a  curve  in  which  the 
probability  of  survival  and  a  confidence  interval  on  the  probability  is  plotted  versus 
time.  Figure  2-2  depicts  such  a  theoretical  survival  curve.  Since  time  can  be 
converted  to  distance  from  station  as  a  function  of  ship  speed  in  the  seaway,  such  a 
curve  would  be  valuable  in  evaluating  AMV  performance.  Knowing  the  distribution  of 
case  distances  from  station,  it  should  be  possible  to  determine  a  representative  MOE  by 
integrating  to  the  probability  of  saving  lives  as  a  function  of  craft  speed  in  the  seaway. 


Figure  2-1.  SAR  Analysis  Procedure 


2J2  STATISTICAL  ANALYSIS  OF  THE  SAR  DATA  BASE 


2.2.1  Case  Selection 


The  1981  SAR  data  base  contains  information  on  93,000  sorties.  Of  the  1,717 
lives  lost,  637  of  these  occurred  before  the  Coast  Guard  was  notified.  In  these  cases  of 
life  lost  before  notification,  type  of  rescue  craft  is  irrelevant.  Also,  many  lives  were 
lost  in  inland  waterways  or  on  land  where  the  AMV  speed  in  the  seaway  is  irrelevant. 

Since  it  is  desired  to  study  the  AMV  in  a  rescue  role  over  a  range  of 
environmental  conditions,  cases  selected  for  analysis  include  all  severe  cases  that 
occurred  only  off  the  coast  of  the  continental  United  States  (including  Alaska)  during 
the  winter  months  (January,  February,  and  March)  and  the  summer  months  (July, 
August,  and  September).  Severe  is  defined  as  a  case  in  which  either  a  life  was  lost  or  a 
life  that  would  have  been  lost  was  saved  (life  saved  is  determined  by  the  Coast  Guard 
and  is  so  indicated  in  the  data  base).  This  selection  reduced  the  1981  SAR  data  base  to  a 
subset  that  includes  776  cases  and  2,392  rescue  sorties.  A  total  of  225  lives  were  lost 
after  the  Coast  Guard  was  notified,  1 13  were  lost  before  the  Coast  Guard  was  notified, 
and  1,501  lives  were  saved  (see  figure  2-16). 

2.2.2  Time  of  Incident 


Defining  the  probability  of  survival  as  a  function  of  time  requires  identifying  the 
beginning  of  the  incident.  Life-threatening  situations  at  sea  often  evolve  over  time: 
the  weather  gets  rough,  the  boat  starts  taking  on  water,  the  pumps  break  down,  people 
enter  life  boats,  and/or  eventually  people  may  get  wet  or  enter  the  water.  At  some 
time  in  this  evolution,  the  Coast  Guard  is  notified.  Injuries  that  affect  a  person's 
chances  of  survival  can  occur  during  this  process.  The  difficulty  of  identifying  time  of 
incident  is  evident  from  analysis  of  the  entry  in  the  SAR  record,  "Time  from  incident  to 
notification."  This  is  almost  universally  a  "0",  ”9"  or  "99”  indicating  "no  time",  "more 
than  9  hours"  or  "unknown."  An  accident  can  actually  become  life  threatening  after  the 
Coast  Guard  is  notified  if,  for  instance,  bilge  pumps  fail  and  the  vessel  sinks  while  help 
is  on  route.  Because  of  the  virtual  impossibility  of  identifying  the  time  at  which  a  life 
becomes  in  danger,  time  of  notification  is  used  as  a  baseline  in  the  analysis  on  the 
assumption  that  time  from  incident  to  notification  adds  a  finite  average  amount  of  time 
to  the  survival  curve. 


Two  additional  problems  arise  in  regard  to  time  of  incident.  In  the  cases  of  injury 
during  boating  accidents,  one  life  could  be  in  jeopardy  many  hours  before  another.  The 
SAR  data  base  cannot  reflect  this  difference.  Also,  it  is  very  likely  that  the  SAR 
record  contains  data  on  the  time  the  boat  came  into  jeopardy,  e.g.,  mast  broke,  ran  out 
of  fuel,  lost  direction,  rather  than  the  time  peoples'  lives  came  into  jeopardy. 

Although  identifying  time  of  incident  from  the  SAR  data  base  is  a  problem,  two 
other  problems  complicate  the  analysis.  Often  it  is  not  known  how  long  a  person 
remained  alive  before  dying.  If  the  body  is  not  found  or  if  no  information  is  available 
on  when  a  person  died,  it  is  impossible  to  identify  the  length  of  time  a  person  remained 
alive. 

2.2.3  SAR  Data  Deficiencies 

A  number  of  deficiencies  in  the  SAR  data  base  have  been  identified  during  this 
analysis  effort.  Because  the  intent  of  the  analysis  is  to  generate  survival  curves  as  a 
function  of  environmental  parameters,  it  is  necessary  to  know  the  environmental 
parameters.  An  examination  of  a  number  of  multi-unit  cases  shows  a  wide  range  of 
values  for  wind  speed,  visibility,  and  sea  state  for  the  various  sorties  on  a  multi-unit 
case  (see  figure  2-3). 

Environmental  conditions  do  change  with  location  and  time.  The  data  on  the 
multi-unit  cases,  however,  cast  doubt  on  the  accuracy  of  environmental  information 
describing  the  location  of  the  accident  during  the  time  people  were  in  water,  especially 
in  the  cases  in  which  a  person  died  and  was  not  located. 

The  accuracy  of  data  in  the  SAR  data  base  is  of  great  concern  when  the  SAR  data 
base  is  used  for  statistical  analysis.  In  numerous  cases,  elapsed  times  from  notification 
are  negative.  Also,  if  a  date/time  group  states  erroneously  that  a  unit  was  underway  on 
the  I Oth  of  the  month  when  the  Coast  Guard  was  notified  on  the  I  Ith,  the  elapsed  time 
becomes  30  days  since  an  algorithm  assumes  that  the  I  Oth  is  in  the  next  month.  These 
negative  times  and  very  large  times  must  be  edited  or  they  can  make  statistical 
analysis  meaningless. 
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Another  concern  with  the  data  is  the  suspicion  that  "safe"  responses  are 
sometimes  used.  Mission  performance  is  an  example  of  this  problem.  Mission 
performance  is  divided  into  three  categories:  resource,  personnel  factor,  and  logistics. 
The  coding  responses  for  these  three  factors  are  almost  universally: 

00  Resource  and  equipment  performed  properly 

20  Personnel  adequate 

30  No  logistic  problems 

The  few  cases  in  which  other  codes  are  used  form  too  small  a  sample  for  statistical 
significance.  Moreover,  one  is  hesitant  to  make  a  statement  on  mission  performance 
based  on  the  occasional  case  in  which  mission  performance  is  listed  as  less  than  perfect. 
Although  this  data  may  be  accurate,  there  is  a  skepticism  that  systems  and  people 
always  perform  satisfactorily  at  sea. 

23  ANALYSIS 

2.3.1  Distance  From  Shore  Greater  than  Three  Nautical  Miles 


The  initial  approach  to  AMV  evaluation  was  to  study  cases  that  occurred  beyond 
three  nautical  miles  from  shore.  It  was  postulated  that  a  high-speed  craft  would  be 
most  effective  if  the  case  occurred  in  the  open  ocean,  in  poor  weather.  Analysis  of  the 
1981  data  base  indicates  that  relatively  few  SAR  deaths  occur  in  the  open  ocean  (108  in 
1981).  Loss  of  life  in  the  open  ocean  occurred  under  a  wide  range  of  environmental 
conditions,  but  generally  favorable  weather  [see  figures  2-4  (aandb)].  The  small 
number  of  deaths  beyond  three  nautical  miles  is  inadequate  for  generating  survival 
curves  as  a  function  of  environmental  conditions.  Moreover,  the  data  available  show  a 
very  consistent  probability  of  survival  over  the  range  of  environmental  conditions, 
which  was  not  expects  Mn  figure  2-4(a),  note  the  probability  of  survival  decreasing 
with  waves  over  16  feet 

233  All  Ocean  Cases 

Even  though  the  vast  majority  of  cases  and  deaths  occur  within  three  nautical 
miles  of  shore,  the  distance  to  scene  is  often  considerable  since  craft  often  are 
dispatched  from  ports  or  positions  many  miles  away.  Figure  2-5  depicts  the  distribution 
of  distances  to  scene  for  all  the  cases  selected  for  analysis. 
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Cases  More  than  Three  Nautical  Miles  from  Shore  (Environmental  Data) 
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Figure  2-5.  Distance  to  Scene  Distribution 


Distance  to  scene  is  a  somewhat  difficult  statistic  for  analytical  purposes  since  it 
is  defined  as  the  distance  the  unit  travelled  from  its  location  at  time  of  notification. 
Craft  can  be  in  the  area  of  the  case  or  can  be  dispatched  from  distant  ports  and 
stations.  The  distance  craft  travelled  on  previous  cases  (especially  aircraft)  may  not  be 
relevant  to  the  distances  that  an  AMV  would  have  to  travel  from  port.- 

Time  to  scene  would  be  a  more  useful  statistic  for  analysis,  but  "Date/time 
assisted  unit  located"  is  set  to  zero  if  the  assisted  unit  is  not  found.  Since,  in  many 
cases  in  which  life  is  lost,  the  assisted  unit  is  not  found,  no  information  on  time  is 
available  in  these  cases  to  generate  a  survival  curve.  Of  all  the  information  in  the  SAR 
data  base,  however,  the  next  best  statistic  is  distance  to  scene  which  is  used  as  a  base 
for  a  survival  curve. 

MINITAB  was  used  to  generate  histograms  of  sorties  in  which  any  lives  were  lost 
and  sorties  in  which  all  lives  were  saved  as  a  function  of  distance  to  scene.  These  data 
are  grouped  into  two-nautical  mile  cells  and  the  probability  that  a  sortie  will  be 
involved  in  a  case  in  which  all  lives  are  saved  as  a  function  of  distance  to  scene 
computed.  These  probabilities  are  plotted  and  a  regression  line  determined  (see 

figure  2-6).  The  probability  of  .63  at  2  nautical  miles  is  computed  by  dividing  the  total 

% 

number  of  sorties  of  2  nautical  miles  or  less  on  which  all  lives  were  saved  (292)  by  the 
total  number  of  sorties  of  2  nautical  miles  or  less  (168  on  which  one  or  more  lives  were 
lost  plus  the  292).  Although  the  probability  of  saving  lives  is  (1501 -225)/ 1 50 1  =  .85  (see 
figure  2-16),  these  probabilities  for  individual  sorties  are  much  lower.  Since  many  more 
sorties  are  generally  dispatched  on  cases  in  which  life  is  lost  versus  usually  one  sortie 
on  cases  in  which  all  lives  are  saved,  the  probability  that  an  individual  sortie  will  be 
involved  in  a  case  in  which  all  lives  are  saved  is  significantly  less  than  .85.  The  data, 
which  resemble  a  scatter  plot,  are  not  explained  by  a  regression  line. 

Two  possible  explanations,  however,  help  to  shed  light  on  the  data.  Some  cells 
contain  only  one  or  two  data  points,  sometimes  resulting  in  a  probability  of  1.0  or  0.0 
and  are  not  representative  of  the  probability  of  survival.  If  these  small  cells  are 
combined  with  adjoining  cells,  the  data  support  a  definite  trend.  (Cells  include  a 
minimum  of  15  lives  lost.)  Figure  2-7  plots  the  probability  of  survival  using  the  larger 
cells  for  distances  from  0  to  50  nautical  miles  and  figure  2-8  for  distances  from  50  to 
99+ nautical  miles.  It  is  clear  from  these  graphs  that  the  probability  of  survival  is  a 
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Probability  that  a  Sortie  Will  Save  All  Lives  on  a  Case  (0  to  50  Nautical 
(Numbers  in  parentheses  are  the  numbers  of  sorties) 


function  of  distance  to  scene  (which  can  be  equated  with  time)  for  sorties  of  50  nautical 
miles  or  less.  The  stable  probability  of  survival  beyond  50  nautical  miles  is  interesting. 
It  may  be  due  to  any  of  a  number  of  factors,  including  better  safety  equipment  or  crew 
skill  on  boats  that  travel  farther  from  port,  use  of  aircraft  on  longer  range  missions,  or 
on  other  unknown  factors.  Aircraft  accounted  for  36  percent  of  the  sorties  of 
50  nautical  miles  or  less  to  scene,  but  accounted  for  80  percent  of  the  sorties  from  50 
to  100  nautical  miles  and  91  percent  of  the  sorties  beyond  100  nautical  miles. 

233  Environmental  Factors 

The  hypothermia  curve  (see  figure  2-9)  demonstrates  that  survival  in  water  is  very 
much  a  function  of  time  and  water  temperature.  The  probability  of  survival  for  a  range 
of  temperature  and  distance  to  scene  factors  is  presented  in  figure  2-10.  Only  the 
lowest  temperatures  have  any  effect  on  the  probability  of  survival.  It  must  be  noted, 
however,  that  cases  with  low  probabilities  of  survival  are  samples  with  five  or  less 


Water  Chill  Without  Antiexposur*  Suit 


cases.  Contrary  to  common  wisdom,  it  seems  fair  to  conclude  that  water  temperature 
is  not  a  significant  factor  in  probability  of  survival  according  to  the  SAR  data  base. 
(However,  it  needs  to  be  emphasized  that  not  all  of  the  cold  water  SAR  cases  involved 
persons  actually  in  the  water).  Sea  state,  wind  speed,  and  visibility  also  do  not  signifi¬ 
cantly  affect  the  probability  of  survival  (see  figures  2-1 1  and  2-12). 

2.3.4  Use  of  AMV 

The  AMV  will  contribute  to  SAR  mission  effectiveness  primarily  in  cases  where 
its  capability  for  high  speed  in  the  seaway  will  enable  it  to  arrive  on  scene  significantly 
earlier  than  conventional  craft.  Figure  2-13  is  a  modified  boxplot  describing  the  dis¬ 
tance  to  scene  distribution  by  district  (the  inland  waterways  and  Hawaii  are  not  inclu¬ 
ded  in  this  analysis).  In  the  boxplot,  the  upper  and  lower  quartiles  of  the  data  for  each 
district  are  represented  by  a  box  and  the  median  is  marked  with  a  "+".  A  confidence 
interval  for  the  population  median  is  put  on  each  boxplot.  The  ends  of  the  confidence 
interval  are  indicated  by  parentheses.  Two  groups  whose  intervals  do  not  overlap  are 
significantly  different  at  roughly  the  5-percent  level.  Tails  showing  outlyer  values  were 
removed  from  the  boxplot  for  simplicity.  Figure  2-14  is  a  boxplot  of  distance  to  scene 
with  the  C-130  aircraft  sorties  removed  from  the  data  and  figure  2-15  is  a  boxplot  with 
all  aircraft  removed. 

The  fifth,  seventh,  and  seventeenth  districts  have  significantly  greater  distances  to 
scene  distributions  than  the  other  districts.  The  case  load  in  district  seven  is 
significantly  greater  than  in  any  of  the  other  districts.  Figure  2-16  contains  a 
breakdown  of  the  case  load  used  in  this  study.  Both  the  workload  and  distance  to  scene 
distributions  suggest  that  the  AMV  would  contribute  most  significantly  to  SAR  in  the 
seventh  district.  Since  the  AMVs  will  most  likely  be  stationed  in  the  seventh  district, 
for  law  enforcement  patrols,  they  will  be  available  to  be  diverted  to  SAR  missions  in 
the  district  where  they  will  be  of  most  use. 
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Figure  2-11.  Lives  Lost /Lives  Saved  (Sea  State  and  Wind  Speed  Sei 
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Figure  2-12.  Lives  Lost /Lives  Saved  (Sea  State  and  Visibility  Sensitivity) 


Figure  2-13.  Distance  to  Scene  by  District  (All  Sorties) 


Figure  2-14.  Distance  to  Scene  by  District  (C-130  Aircraft  Sorties  Removed) 


Distance  to  Scene  by  District  (All  Aircraft  Sorties  Removed) 
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Figure  2-16.  Case  Load  Distribution  by  District  and  Month 
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SECTION  3 


CONCLUSIONS 

While  it  is  intuitively  obvious  that  timely  assistance  is  critical  to  saving  lives  in 
any  rescue  operation,  it  is  difficult  to  quantify  the  potential  contribution  of  craft  speed 
in  the  seaway  to  SAR  performance.  The  fact  that  the  regression  curve  (see  figure  2-7) 
has  a  Y  intercept  below  .7  and  a  very  gradual  slope  suggests  either  that  30  percent  of 
the  people  who  die  after  *the  Coast  Guard  is  notified  die  very  soon  after  notification 
before  help  can  arrive,  or  that  they  are  so  severely  injured  or  sick  (e.g.,  heart  attack) 
that  saving  life  is  not  possible.  It  seems  from  the  data  that  another  35  percent  of  the 
people  could  survive  for  a  considerable  additional  time  without  assistance.  Although 
the  survival  curve  generated  from  the  data  does  not  follow  the  theoretical  curve 
(figure  2-2)  postulated  at  the  beginning  of  the  analysis,  a  definite  time-dependent  trend 
is  identified  for  some  cases. 

In  approximately  one  third  of  the  SAR  sorties,  the  probability  of  saving  lives  very 
definitely  degrades  with  time.  Consequently,  a  high-speed  AMV  could  provide  an 
increase  in  the  probability  of  saving  lives  in  cases  where  distance  to  scene  is  substan¬ 
tial.  The  relatively  shallow  slope  of  the  curve  suggests,  however,  that  moderate  speed 
advantages  or  speed  advantages  over  short  distances  (especially  if  get-away  time  is 
increased  for  the  AMV)  will  have  little  of  no  effect  on  SAR  mission  effectiveness. 

To  put  the  problem  in  perspective,  however,  it  is  necessary  to  identify  the  poten¬ 
tial  number  of  cases  involved.  Cases  selected  for  analysis  include  all  severe  cases  that 
occurred  off  the  coast  of  the  continental  United  States  (including  Alaska)  during  the 
winter  months  (January,  February,  and  March)  and  the  summer  months  (July,  August, 
and  September).  This  selection  reduced  the  1981  SAR  data  base  to  a  subset  that 
includes  776  cases  and  2,392  rescue  sorites.  In  these  cases,  225  persons  died,  77  within 
10  nautical  miles  of  help  and  52  beyond  100  miles,  leaving  less  than  100  cases  within  a 
range  where  the  AMV  speed  in  the  seaway  might  have  contributed  to  SAR  performance. 
It  is  assumed  that  the  initial  response  to  cases  beyond  100  nautical  miles  will  be  by 
aircraft.  If,  at  most,  one  third  of  the  deaths  are  sensitive  to  craft  time  in  the  seaway 
(one  third  die  very  quickly  and  the  last  third  survive  for  a  long  time),  the  AMVs  avai¬ 
lable  when  needed  could  affect,  at  most,  30  lives  per  year  during  the  winter  and 
summer  months.  Since  the  data  selected  for  the  analysis  included  only  6  months,  it 
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could  be  postulated  that  60  lives  could  be  affected  by  an  AMV  in  the  course  of  a  year. 
Assuming  a  liberal  upper  limit  availability  of  50  percent,  the  AMV  could  participate  in 
30  rescues  per  year  on  which  life  was  lost  that  might  have  been  saved.  If  the  AMV  is 
twice  as  fast  as  conventional  craft,  it  could  reduce  by  50  percent  the  time  required  to 
arrive  on  scene.  Since  the  survival  curve  in  figure  2-7  is  a  straight  line,  the  AMV 
(twice  as  fast  as  conventional  craft)  should  be  able  to  save  an  additional  15  lives  per 
year,  given  50  percent  availability. 

Placing  a  meaningful  confidence  interval  on  the  survival  curve  is  extremely  diffi¬ 
cult  since  the  variances  in  the  problem  are  so  great.  Variability  in  survival  gear,  hunger 
and  thirst,  physical  condition  of  the  victim,  and  psychological  factors,  as  well  as  uncer¬ 
tainty  as  to  the  time  the  victim's  life  became  in  grave  danger  make  the  variance  on  the 
probability  of  survival  (as  a  function  of  time  after  Coast  Guard  is  notified)  very  great. 
The  data  on  the  SAR  cases  indicate  that  under  identical  environmental  conditions  the 
probability  that  an  individual  will  survive  t  hours  varies  from  0.0  to  1.0  for  a  wide  range 
of  t. 
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RECOMMENDATIONS 


A  number  of  recommendations  are  suggested  by  the  analysis  work  used  to  prepare 
this  report.  The  first  set  of  recommendations  pertains  to  the  AMV  analysis  itself  and 
the  second  set  of  recommendations  to  the  SAR  data  base. 

4. 1  RECOMMENDATIONS  -  AMV  ANALYSIS 

The  constant  probability  of  survival  beyond  50  nautical  miles  is  interesting  and,  at 
this  time,  unexplained.  A  detailed  analysis  of  this  change  in  the  survival  curve  should 
be  performed  to  identify  factors  that  might  improve  the  probability  of  survival. 
Another  area  that  requires  more  analysis  is  the  relationship  between  aircraft  and  ships 
in  SAR  missions.  If  aircraft  drop  survival  gear  that  enables  people  to  survive  until  a 
boat  arrives  to  rescue  them,  it  is  important  to  quantify  the  individual  contribution  both 
of  the  aircraft  and  of  the  boat.  If  the  AMV  is  to  be  used  in  a  SAR  role,  it  is  important 
to  determine  the  extent  to  which  it  can  replace  aircraft  without  reducing  the  proba¬ 
bility  of  survival. 

Because  of  the  small  sample  sizes  that  result  when  SAR  cases  are  divided  into 
environmentally  significant  categories,  the  analysis  should  be  repeated  using  five  years 
of  data.  These  data  would  provide  large  samples  that  would  be  adequate  for  statistical 
analysis  and  would  enable  more  accurate  testing  of  the  sensitivity  of  SAR  MOEs  to 
environmental  factors. 

4 2  RECOMMENDATIONS  -  SAR  DATA  BASE 
4*2.1  Present  Data  Base 

The  extensive  data  base  developed  by  the  Coast  Guard  over  the  years  contains 
valuable  information  on  SAR  performance.  The  SAR  data  base  does,  however,  require 
extensive  editing  before  it  can  be  used  for  statistical /operations  analysis.  Although  a 
few  errors  in  93,000  records  are  statistically  insignificant,  misleading  statistics  can  be 
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generated  if  large  errors  occur  in  a  few  records  of  a  subset  of  the  data  base  that  is  of 
interest.  Consequently,  it  is  necessary  to  identify  highly  suspect  data  and  either 
correct  the  data,  if  possible,  or  flag  the  data  so  that  it  is  not  included  in  statistical 
computations.  Several  recommendations  are  made: 

1.  The  types  of  errors  that  occur  in  the  SAR  data  base  should  be  identified. 
This  task  involves  identifying  absolute  errors  such  as  negative  elapsed  times 
and  also  probable  errors  such  as  the  involvement  of  a  Great  Lakes  asset  at 
latitude/longitude  coordinates  in  the  South  Pacific. 

2.  The  Coast  Guard  edit  program  should  be  enhanced  to  flag  more  errors  than 
it  presently  does. 

3.  Clearly  erroneous  data  that  cannot  be  corrected  after  the  standard  number 
of  attempts  should  be  entered  into  the  SAR  data  base  with  an  error  code. 

4.  Algorithms  should  be  written  and  made  available  to  analysts  that  would  flag 
erroneous  and  highly  suspect  entries  in  the  data  base.  Suspect  data  are 
neither  all  correct  nor  all  incorrect.  Since  a  decision  must  be  made  about 
including  suspect  data  in  computations,  suspect  data  must  be  identifiable. 

4.2.2  Restructure  of  SAR  Data  Base 

Two  serious  problems  must  be  addressed  in  regard  to  the  SAR  data  base:  one  is 
the  number  of  seemingly  uninformative  entries,  and  the  second  is  the  inaccuracy  of 
some  of  the  information.  These  two  problems  may  be  interrelated  in  that  the 
requirements  for  completing  the  entire  SAR  form  for  thousands  of  towing  cases  may 
make  personnel  less  sensitive  than  desired  to  the  importance  of  accurate  information  in 
true  search  and  rescue  cases.  A  number  of  recommendations  are  made: 

1.  Separate  true  life  threatening/life  critical  search  and  rescue  from  the  AAA 
type  of  towing,  breakdown,  and  refueling  services. 

2.  Identify  the  information  needed  in  each  type  of  case.  Separate  forms,  or  a 
subset  of  the  SAR  form,  should  be  used  for  AAA-type  services. 
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3.  Eliminate  data  elements  that  cannot  be  collected  with  adequate  accuracy. 
It  is  imperative  that  information  in  the  data  base  be  accurate  and  informa¬ 
tive.  If  a  type  of  information  cannot  be  collected  accurately,  it  is  not 
helpful  to  have  this  information  in  the  data  base.  Entries  would  be  better 
left  blank  than  completed  with  guess  work.  It  is  understandable  that  the 
requirement  of  performing  a  SAR  mission  and  saving  lives  overrides  com¬ 
pleting  forms.  If  accurate  information  (e.g.,  wind  speed)  cannot  be 
collected  during  the  mission,  it  should  be  coded  as  "unavailable". 

4.  Eliminate  data  that  does  not  shed  light  on  SAR  missions.  If,  for  instance, 
personnel  and  craft  always  perform  adequately,  this  information  is  not 
needed  in  the  SAR  data  base. 

5.  Investigate  methods  to  obtain  information  electronically  by  interface  to  ship 
equipment.  This  would  reduce  the  work  load  on  the  crew  and  probably  provide 
more  accurate  information.  With  elements  of  the  SAR  record  that  could  be 
obtained  electronically,  the  crew's  responsibility  would  be  reduced  to  verify¬ 
ing  or  correcting  these  data. 

These  recommendations  will  significantly  reduce  the  size  of  the  SAR  data  base 
without  sacrificing  any  useful  information.  They  would  also  reduce  the  workload  of 
collecting  and  editing  the  SAR  records  and  significantly  reduce  the  time  and  cost  of 
using  the  SAR  data  base.  Moreover,  these  recommendations  will  improve  the  accuracy 
of  the  information  contained  in  the  data  base.  This  improved  accuracy  is  essential  if 
the  SAR  data  base  is  to  be  used  for  operations  analysis. 


